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these GABA AR d-subunit-deficient mice
exhibited marked depressive-like behav-
ior in standardized rodent models of de-
pression, namely the Porsolt forced swim
test, and in a standardized laboratory
test of anhedonia, a cardinal symptom of
depression. In addition, and uncannily rel-
evant to the small but significant increase
in infanticide in women with postpartum
depression, was a significant increase in
pup mortality in the GABAAR d subunit
knockout mice due to maternal neglect
and cannibalism. Most impressive is the
reversal of these behavioral alterations
by treatment with the GABAAR d-sub-
unit-selective agonist THIP.
The implications of this research are
considerable and it suggests several fu-
ture research directions. Functional brain
imaging studies could elucidate GABA
and GABAAR alterations in depressed
women during pregnancy or postpartum
using magnetic resonance spectroscopy
(MRS) and PET imaging, respectively.
Genetic studies can determine if genetic
polymorphisms of the GABAAR or other
components of the GABA system predict
vulnerability to postpartum depression.
Finally, treatment studies with THIP or re-
lated molecules in postpartum depres-
sion would surely be of interest.
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Correct wiring of brain circuitry during development involves the selective formation and retention of synaptic
connections between neurons. In this issue of Neuron, Lohmann and Bonhoeffer show that dendritic filopo-
dia can distinguish among prospective presynaptic axonal targets during development. Contact with the
appropriate target triggers local calcium signals that stabilize the filopodia and tell them to form mature
synapses.It has long been known that synapse for-
mation involves movement of both future
presynaptic axons and postsynaptic den-
drites, particularly movement of dendritic
filopodia (Ziv and Smith, 1996; Jontes
and Smith, 2000; Lohmann et al., 2002).
This reciprocal movement leads to physi-
cal contact between the two cells, which
can yield mature synaptic connections if
these contacts are stabilized and subse-186 Neuron 59, July 31, 2008 ª2008 Elsevierquently converted into synaptic struc-
tures. It is not known how, during this
developmental dance, the correct targets
are identified among many other neigh-
boring cells that potentially could serve
as alternative targets. The paper by Chris-
tian Lohmann and Tobias Bonhoeffer in
this issue of Neuron (Lohmann and
Bonhoeffer, 2008) provides new insights
into how targets are identified and howInc.synaptic contacts between these cells
are subsequently stabilized.
The experiments described in this
paper used dynamic fluorescent imaging
of multiple neurons in cultured hippo-
campal slices to watch how dendritic
filopodia form contacts with axons. Pre-
synaptic axons were labeled by a green
calcium indicator dye or by GFP-labeled
GAD65 or synaptophysin, while individual
Neuron
Previewspostsynaptic CA3 pyramidal cells were
labeled by injecting a red dye. With this
approach, dendritic filopodia could be ob-
served to elongate and retract until they
met with their axonal counterparts. Sur-
prisingly, most of these initial contacts
with axons were very transient, with a me-
dian life span of only 74 s. But a small frac-
tion of the contacts were persistent, with
some lasting longer than the 90min obser-
vation period. These long-lived contacts
presumably are the ones that go on to
form enduring synapses, though this point
deserves further experimental scrutiny.
To find out what goes into deciding
whether a dendritic filopodium makes
a stable contact with a given presynaptic
axon, the experimental procedures were
repeated by making slices from mice in
which approximately half of the GABAer-
gic axons were labeled with GFP-tagged
GAD65. Remarkably, dendritic filopodia
never formed stable contacts with the
fluorescent GABAergic axons. Given that
filopodia are precursors to dendritic
spines (Ziv and Smith, 1996), this obser-
vation fits with the well-known fact that
spines of adult neurons form synapses
exclusively with glutamatergic presynap-
tic axons. Thus, it seems likely that signal-
ing molecules on the presynaptic axon
help determine whether the contact of
filopodia with axons is transient or stable.
Itwouldbe interesting to repeat suchmea-
surements with a label that identifies glu-
tamatergic axons to determine whether
such axons attract stable contacts, as
predicted.
How does contact with an appropriate
target lead to stabilization of the postsyn-
aptic filopodium? Changes in intracellular
calcium concentration ([Ca2+]i) are known
to regulate the motility of many cellular
structures, including the axonal growth
cones (Rehder and Kater, 1992; Gomez
et al., 2001) and dendritic filopodia (Loh-
mann et al., 2005) of developing neurons.So it was natural for Lohmann and Bon-
hoeffer to next use a fluorescent calcium
indicator dye to ask whether contact and
stabilization are associated with changes
in [Ca2+]i within dendrites. They found
that spontaneous changes in [Ca2+]i oc-
curred under a variety of circumstances.
Of particular interest were changes in
[Ca2+]i that occurred very locally in filo-
podia and a region of the adjacent den-
drite 15–20 mm in length. Previous work
established that these local Ca2+ signals
are due to release of Ca2+ from intracellu-
lar stores rather than Ca2+ influx across
the plasma membrane (Lohmann et al.,
2005). The frequencyof theseCa2+ signals
increased significantly within a minute
after formation of the initial contacts—
a time well before the time that these
contacts become mature, functional syn-
apses—indicating that the Ca2+ signals
are not caused by synaptic activity. This
increase in the frequency of the local
[Ca2+]i changes was not observed when
filopodia contacted GABAergic axons,
suggesting that the changes in local
[Ca2+]i serve to signal contact with
appropriate axonal targets.
Previous work established that such lo-
cal Ca2+ signals are capable of halting the
motility of dendritic filopodia (Lohmann
et al., 2005). So it was logical to hypothe-
size that these signals serve to stabilize
contact with appropriate target axons.
Consistent with this hypothesis, Lohmann
and Bonhoeffer found that the frequency
of the local Ca2+ signals was higher in sta-
ble contacts than in short-lived contacts.
Subsequent observation of these stable
contacts revealed the emergence of a
new, longer-duration type of Ca2+ signal
that may reflect the initiation of synaptic
transmission between the two cells. It
will be important to perform additional
tests to establish whether the local filopo-
dial Ca2+ signals associated with contact
actually serve to stabilize the contacts.NeuroElectrical activity in axons also could be
an important determinant of stabilization
and could be examined with the experi-
mental arrangement of Lohmann and
Bonhoeffer simply by looking for changes
in the fluorescence of the presynaptic
Ca2+ indicator dye.
The significance of this work is that it
identifies anew formof cell-cell interaction
that participates in the earliest stages of
synapse formation and serves to signal
contact with appropriate target axons.
Themolecular basis of this signaling path-
way remains to be determined; adhesion
molecules, such as integrins, NCAM, and
L1, are logical candidates because they
are known to affect both Ca2+ signaling
(Coppolino et al., 1997) and filopodial
motility (Shi and Ethell, 2006). Assuming
that the local filopodial Ca2+ signals stabi-
lize future synaptic contacts, it also will be
fascinating to determine how these sig-
nals trigger the molecular rearrangements
that convert a filopodium into a mature
postsynaptic structure.
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